Summary Among 50,461 postmenopausal women, 1,822 fractures occurred (57% minor non-hip, non-vertebral [NHNV], 26% major NHNV, 10% spine, 7% hip) over 1 year. Spine fractures had the greatest detrimental effect on EQ-5D, followed by major NHNV and hip fractures.
Introduction
The consequences of osteoporotic fractures are increasingly recognized, but most studies have focused on hip and vertebral fractures, and the morbidity and mortality associated with these "typical" fractures. Among the different types of non-vertebral fractures, hip fractures and their clinical and economic impact have received most attention. However, growing evidence suggests that the burden of fractures at other sites (non-hip, non-vertebral [NHNV] fractures) may have been under-recognized [1, 2] . NHNV fractures occur more frequently than clinical spine or hip fractures, and carry an increased risk for subsequent fractures [3] [4] [5] [6] . They may have different risk factors than vertebral and hip fractures [7] [8] [9] [10] and may result in considerable morbidity and disability. Furthermore, the cost of direct medical care for NHNV fractures may exceed that for hip fracture alone [11, 12] . In a recent study, certain types of NHNV fractures were confirmed to be associated with significant excess mortality [13] . Similarly, the consequences of all types of fractures on health-related quality of life (HRQL) are well recognized [14] [15] [16] [17] , although few studies have focused on NHNV fractures [18] .
The Global Longitudinal study of Osteoporosis in Women (GLOW) was established to provide a practice-based evaluation of postmenopausal osteoporosis, fractures, and related risk factors. The aims of the current analysis were to measure the 1-year incidence of NHNV fractures in a cohort of older women, and to assess the impact of these fractures on HRQL at 1 year of follow-up.
Methods
The study design of GLOW, a prospective, multinational, observational cohort study, has previously been described in detail [19] . Briefly, women were recruited through 723 primary healthcare physicians in ten countries (Australia, Belgium, Canada, France, Germany, Italy, Netherlands, Spain, UK, and USA). Study sites were selected on the basis of geographic distribution and the presence of lead investigators with expertise in osteoporosis and access to a clinical research team capable of managing a large cohort of subjects. These lead investigators identified primary care practices in their region that were members of local research or administrative networks and were able to supply names and addresses of their patients electronically. The composition of groups varied by region and included health-system-owned practices, private practices, independent practice associations, and health maintenance organizations. Participating physicians were defined as those who spent most of their time providing primary healthcare to patients, and included internists, family practitioners, and general practitioners.
Data were obtained using self-administered questionnaires, which were mailed to women aged ≥55 years; a 2:1 over-sampling of women ≥65 years of age has been intended. Follow-up questionnaires were sent at 1-year intervals, and this analysis uses data from the baseline and 1-year follow-up surveys. The study questionnaires were used to collect information on demographic characteristics; medical history (including fractures since age 45 with site, comorbidities); risk factors for fracture occurrence; selfreport of prevention, diagnosis, and treatments of osteoporosis; HRQL; and health service access and utilization.
HRQL and functional status were assessed using the EuroQol EQ-5D tool [20] and the vitality and physical function sections of the SF-36 health survey [21] . The EQ-5D is a five-question, three-response option scale that maps each of 243 health states to a country-specific preferencebased value or utility, where 1.00 represents full health and 0.00 represents a state equivalent to death. A change of 0.03 is recognized as a minimum clinically important difference in individuals with osteoporosis [22] .
Women who responded to the 1-year follow-up survey were divided into subgroups according to fracture occurrence and fracture site: hip, vertebral, and NHNV fractures. We created a fracture grouping for the NHNV fractures because of the low number of some of them. This grouping was based on the published consequences of some of the NHNV fractures on increased risk of mortality [13] , and our opinion on the burden of these fractures: "major" NHNV (pelvis, upper leg, lower leg, shoulder, upper arm, knee, and elbow), "minor" NHNV (wrist, hand, ankle, foot, rib, and clavicle).
Statistical analysis
Continuous variables are shown as medians with 25th and 75th percentiles, or as means with standard deviations (SDs); percentages are shown for dichotomous variables. Results are shown for incident fracture groups (major, minor, spine, and hip, or by individual fracture type), with the "no fracture" group as a comparison. These categories are not mutually exclusive, as women could have experienced more than one fracture.
To estimate comparative effects of different types of fracture, we performed multiple linear regression analyses predicting 1-year EQ-5D score based on baseline EQ-5D score and fracture group, controlling for a predetermined clinically relevant set of variables. Results are expressed as mean difference in 1-year EQ-5D score with a 95% confidence interval (CI) for that difference. Identical analyses were then performed for the 1-year and baseline SF-36 physical function and vitality scores. All analyses were performed using SAS version 9.2 (SAS Inc., Cary, NC, USA).
Results
There were 51,491 women with both baseline and 1-year follow-up data. Of these, 1,030 women were excluded due to missing incident fracture information, leaving 50,461 women for this analysis.
The number of incident fractures was 1,822 and their distribution is shown in Fig. 1 . Of 1,822 incident fractures, 57% were minor NHNV, 26% were major NHNV, 10% were spine, and 7% were hip fractures. The incidence of any fracture was 3.1%, spine fracture 0.4%, and hip fracture 0.3%. The incidence of all NHNV fractures was 2.7%, major NHNV fractures 0.9%, and minor NHNV fractures 2.0% (Fig. 2) . Upper arm, lower leg, upper leg, and pelvis fractures accounted for 93% of major NHNV fractures; and wrist, ankle, and rib fractures made up 91% of minor NHNV fractures. The incidence of fractures according to age groups is shown in Fig. 3 . Seventy women had both a major and a minor NHNV fractures; six women had both a hip and a NHNV fractures; three women had a hip, a vertebral and a NHNV fracture over 1 year. Table 1 shows median age, age distribution, and risk factors according to the type of incident fracture reported. Women with hip fractures had the highest median age (77 years), followed by women with spine or major NHNV fractures (73 years for both), and minor fractures (69 years). Women with no incident fractures were the youngest, with a median age of 67 years. Median body mass index was similar across the fracture categories, but the proportion of low-weight women in each group increased from 16% in the no-fracture group, to 21% for spine fractures and 25% for hip fractures. Fewer women with major NHNV fractures were low weight (19%), although this was more than for those with minor NHNV fractures (17%) or no fracture.
Unadjusted HRQL measures at baseline and after incident fracture are shown in Table 2 . Women with spine fractures experienced the greatest change in their mean EQ-5D summary score, which dropped from 0.65 at baseline to 0.58 after the fracture. Major NHNV fractures and hip fractures accounted for the next greatest drop in mean EQ-5D (from 0.70 to 0.66 and from 0.64 to 0.60, respectively), followed by minor NHNV fractures (from 0.72 to 0.70) and no fracture (no change). The change in the percentage of women reporting problems with mobility was greatest for women with major NHNV fractures or spine fractures (+8%). Spine fractures were associated with the greatest increases in problems with self care (+11%), activities (+14%), and pain/discomfort (+12%). Increases in percentages reporting problems with self care and activities were similar for major NHNV fractures (+6% for self care; +10% for activities) and hip fractures (+5% for self care; +10% for activities). Among the different fracture categories, increases in problems reported were lowest for women with minor NHNV fractures. The increase in the percentage of women reporting fair or poor health status was greatest for spine fractures (6%), then hip and major NHNV fractures (both 5%). Decrease in physical function was greatest for spine and hip fractures (8 points), while decreases in vitality were the same for major NHNV, hip, and spine fractures (3 points).
Also reported in Table 2 are the proportions of women who reported a decrease in general health status between the baseline and 1-year surveys. The largest proportion of women to report a decrease in health status were those with a fracture of the spine (30%), followed by hip (28%), major NHNV fractures (24%), minor NHNV fractures (21%), and no fracture (19%). An increase in perception of risk of a future fracture at 1-year follow-up compared with baseline was reported by 51% of women with hip fracture, 42% with spine fractures, 40% with major NHNV fractures, 39% with minor NHNV fractures, and 21% with no incident fracture. Table 3 shows the multivariable model predicting 1-year change in HRQL scores based on incident fracture category and controlling for age, comorbidities, and baseline fractures.
The reduction in EQ-5D was greatest for spine fractures and hip fractures. The reduction for women with major or minor NHNV fractures was the same. Statistically significant reductions in SF-36 physical function and vitality were found for spine fractures, and reduction in SF-36 physical function was borderline significant for major NHNV fractures. The consequences of incident wrist fractures, the most frequent minor NHNV fractures, were weak.
Discussion
Data from cross-sectional studies have previously shown that the effect of NHNV fractures on HRQL is significant. In the Canadian Multicenter Osteoporosis Study, pelvic, lower limbs, and rib fractures were associated with very low HRQL scores [23] . Similarly, assessment of the baseline data of the GLOW study suggested that previous fractures at a variety of locations may be associated with significant reductions in quality of life [24] . Our current prospective incident fracture data confirm and extend the results of these cross-sectional studies. NHNV fractures were found to be the most common incident fractures in women aged ≥55 years, and both minor and major incident NHNV fractures found to have an impact on HRQL over 1 year, independent of baseline HRQL. A number of studies have reported that NHNV fractures account for the majority of all fractures, up to 90% in people <80 years of age, and 50% thereafter [25, 26] . In a study by Lippuner et al. [27] , limb fractures alone contributed to almost one third of all fracture-related hospital admissions. In line with these findings, NHNV fractures in our study were the most common incident fractures in women aged ≥55 years. The ratios of NHNV to hip fractures reported by Kanis et al. [2] were 21.1, 6.1, 2.8, and 1.4 in women aged 50, 60, 70, and 80 years, respectively. In our study, approximately one third of NHNV fractures occurred in women aged <65 years, which may be due to the fact that twice as many women ≥65 years were intended to be enrolled as those aged <65 years. NHNV fractures typically occurred at younger ages than vertebral and hip fractures, but their burden in our population was still dramatically high in women after the age of 70 years. For each 10-year span of age, we found the incidence of NHNV fractures to be 10-fold greater than the incidence of vertebral or hip fractures.
In addition to the effects of age and age-related determinants of fracture risk, the underlying increase in the risk of falls and decrease in bone density with age are both likely to play a major role in this high incidence of NHNV fractures. Annual fall prevalence increases with age, and NHNV fractures almost inevitably result from falls [28] . Similarly, the risk of almost all NHNV fractures is associated with low bone mineral density (BMD) [29] . Low femoral neck or hip BMD is associated with increased risk of humerus, forearm, and wrist fractures [10, 30] . Thus, beyond falls, a number of bone parameters (DXA T score and prevalent vertebral and non-vertebral fractures) can be used to assess the risk of such fractures in postmenopausal women [29, 31] .
One of our key findings in women aged ≥55 years is that both minor and major incident NHNV fractures have a strong impact on HRQL as measured by EQ-5D over 1 year, independent of baseline HRQL. Women with incident major NHNV fractures also reported statistically significant reductions in HRQL following fracture as measured by SF-36 physical function index. Reductions in EQ-5D and SF-36 physical functioning for women with major NHNV fractures were of a similar magnitude to reductions for women with incident hip fractures, but lower than for women who experienced incident spine fractures. The physical function limitations and reduced HRQL among the younger women in our study could have a major impact on the number of working days lost. In fact, Fink et al. documented significant disability, as reflected by days hospitalized or confined to bed and days of reduced usual activities, because of a fracture ("limited activity days") in women with humerus, ankle, or distal forearm fracture [30] . In our multivariable analysis, women with spine fractures showed the greatest reductions in EQ-5D and SF-36 physical function and vitality scores. Although the magnitude of the change in HRQL for NHNV fractures was lower than for hip and spine fractures, it should be noted that fractures of the pelvis, upper leg, lower leg, shoulder, upper arm, knee, and elbow accounted for 26% of all incident fractures. In contrast, hip and spine fractures represented 18% of all incident fractures. The substantial number of NHNV fractures in this population, combined with the significant negative impact on HRQL has important clinical implications. As a group, these fractures are associated with significant suffering, particularly in older women, and more attention to the effects of these fractures is urgently needed.
Incident wrist fractures had little impact on HRQL, and no effect on SF36 physical function or vitality in our study. This confirms previous results [32] , with the exception of studies which assessed the effect of wrist fracture in relation to specific tasks involving upper limb function [33, 34] . One study has shown that functional recovery after a wrist fracture is completed by 6 months [30] in contrast to another one showing a fair result in functional recovery in 22% of patients [35] . Our data do not suggest that, at the age of 69 years on average, wrist fracture contributes to functional decline, although we did not ask women specifically about decline in upper limb function.
Our study has some important limitations, as well as a number of strengths. Fractures were self-reported and were not confirmed radiographically. Self-report over 2 to 5 years has been shown to be accurate for hip and wrist fractures, though less so for fractures of the spine [36, 37] . We cannot confirm the diagnosis of vertebral fractures, as they were self-reported. Most vertebral fractures are not recognized, and even asymptomatic vertebral deformities could impact on daily living activities and HRQL [16] . Most studies that include vertebral fracture as an outcome will therefore underestimate the incidence of vertebral fractures and their effect on HRQL. To the extent that there is error in the reporting of other NHNV fractures, our estimates of HRQL would also be biased toward the null.
The effect of prevalent (at baseline) fractures in this study may have been attenuated by the absence of information on the time of occurrence. Had we been able to adjust for the recent timing of these fractures, we might have detected a stronger effect on HRQL for women with both a prevalent and incident fracture. Among the strengths of our study are the prospective design, the international nature of the CI confidence interval, HRQL health-related quality of life, NHNV non-hip non-vertebral a Model covariates: no incident fracture; baseline EQ-5D (or SF-36 vitality or physical function, to match the outcome); age; baseline diagnosis of lung disease, heart disease, cancer, or osteoarthritis; number of baseline fractures; major NHNV baseline fracture; minor NHNV baseline fracture; baseline hip fracture; baseline spine fracture b Model covariates: major NHNV incident fracture; minor NHNV incident fracture; incident spine fracture; incident hip fracture; baseline EQ-5D [or SF-36 vitality or physical function, to match the outcome]; age; baseline diagnosis of lung disease, heart disease, cancer, or osteoarthritis; number of baseline fractures; major NHNV baseline fracture; minor NHNV baseline fracture; baseline hip fracture; baseline spine fracture; days from incident fracture and EQ-5D assessment c Major fractures: pelvis, upper leg, lower leg, shoulder, upper arm, knee, and elbow d Minor fractures: hand, ankle, foot, rib, and clavicle sample, and the fact that data were collected in the same way, using the same survey questions, in all countries. We recognize, however, that while women from ten countries are included in the cohort, these results may not be generalizable to non-Western countries. The large sample size is also a strength, as few studies have had adequate statistical power to assess, prospectively, the consequences of incident NHNV fractures on HRQL.
Conclusion
In conclusion, our study demonstrates the detrimental impact of NHNV fractures on HRQL. Efforts to optimize the care of patients with osteoporosis should not be focused solely on hip and spine fractures; rather, treatment strategies should include the prevention of NHNV fractures.
